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 Lo.all whom it-may. concern: 

-, Beit known that.[,-Tiromas Atva Epison,, 
. .a-citizen,of the United States, residing at 
Llewellyn. Park, Orange, in the county of 
5. Essex and, State of New Jersey, have in- 
~ vented a.certain new and useful Method. of 
- .Making Storage-Battery Electrodes, of which 

the following Is a déscription.: fie 
+ My -invention: relates. to..an. improved 
-T0 method. of making electrode elements for 
storage, batteries of the Edison.type. ie 
Jn an application filed on even. date here- 
with: L.desertbe the improved electrode ele- 
ment, construeted in-aceordance with. my 
_ 15 present method, and have: quite elaborately 
explained the correct condition which should, 
exist in the active material to secure the best 
results. Assuming the invention to be car- 
.. vied out in connection with-the manufacture 
“90 of the nickel mass and that metallic flakes of 
. cobalt or cobalt-nickel alloy are. used there- 
with, then, the. best results are secured in 
practice when the conducting films or flakes, 
overlying’ and lapping upon: one another, 
25 constitute a close Pater of metallic con- 
- ductors, extending in- all directions through- 
“.,-out the mass, the active particles being 
- closely compacted in engagement with the 
conductors. so as to make good. contact 
30 therewith, and proper circulation, through- 
out'the mass being afforded by providing 
- the mass with a onet-work of circulating 
channels extending in all directions and pre- 
senting a substantially predetermined pro- 
35 portion of porosity relatively to the entire 
mass. As point out in my said application, 
these peculiar characteristics: are secured 
“when the electrode’ mass is subjected to 
special treatment before its introduction 
40 within the containing<tubes, during its in- 
troduction therein; and subsequent-to such 
introduction, and this special treatment com- 
~ prises my present method and will be claimed 
_ herein. Broadly stated, my improved method 
45 consprises: . 
_ First: Covering the. particles of active 
-materi:], such as nickel hydroxid, with the 
~ conducting films, flekes or scales, preferably 
_eobalt or cobslt-nickel elHoy, by a, process 
50: like thet disclosed in my applicetion. filed 
> March 30th, 1905, Serial No..252,931, where. 
in the particles of active neterial, ere. first 
coated with a very sticky substance like ghi- 
_ cose, after which the conducting, flakes -or 
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-scales are added and intimately mixed there- 55 
with, so.as to adhere with suflicient tenacity 
to the active particles as to .prevent. segre- 
getion during manufacture. This: special 
treatment presents. important. advantages 
in connection with the present invention, as 60 
will be explained. a te 

Second: The mass ‘obtained ‘in this way 
is now introduced within perforated non-de- 
formable inclosing pockets | of sufficient 
strength to resist. the bulging or-disrupting 65 
strains encountered in actual use, and due to 
the tendency of the active material to ex- 
pand by absorption of the electrolyte, by 
electrolytic action, and by. the. pressure of 
gas. generated within the mass... In‘ thus 70 
filling the pockets with the mixture of active 
material and conducting flakes, I introduce 
the mixture within the pockets in relatively 
small increments (from. fifty to:a hundred 
increments. for eight grams of the mixture) 75 
and I subject each increment to one:or more 
tamping pressures,’ preferably as much as-- 
20,000 pounds per square inch, each pressure 
being substantially uniform, so ‘that the 
mass throughout will be uniformly highly 80 
compressed. As a result of this operation, 
the active particles will be crushed and, de- 
formed, so as to penetrate the films of sticky 
material, greatly extend the area of contact - 
with the conducting flakes and prevent. the 85 
smaller particles from being isolated or from’ 
making imperfect or superficial contact with 
the conducting flakes, and the conducting 
flakes will be pressed together to overlap-and 
form a net-work of conducting paths extend-..90 
ing in. all directions throughout the mass. 
The mass, as a whole, will furthermore be so 
closely. and tightly consolidated as to prevént 
relative movement of the active particles 
with respect to the conducting fakes: and 95 
relative movement of the. conducting flakes 
with respect to each other, asf have-discoxs. 
ered that if such relative movement taxes 
place the contact condition of the mass will 
be seriously impaired. 

Third: After the mass has been thus 
packed in increments under high pressure 
within the perforated non-deformable in- 
closing pockets, and, the latter have been 
compréssed at-their ends tipon small cups or 105 
diaphrasnts engaging the extremities, of the 
mass, the sticky material or. binder is re-_ 
moved from the mass by dissolving it out, 
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preferably: in slightly ‘alkaline water to pre- 
vent rust. This removal of the binder re- 


sults in the formation within the mass of a. 


net-work of circulating channels which are 
important in permitting. the electrolyte to 
readily penetrate the mass and circulate 


_ through the same, thereby allowing a large 
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amount of the electrolyte to rapidly reach all 
parts of the mass to accommodate high dis- 
charge rates. These. circulating channels 
also permit the mass to deform internally 
under swelling pressures, which, if the ‘mass 
were perfectly consolidated, might burst the 
containing pockets. By forming a net-work 
of circulating channels in the active mhass, as 
explained, I am enabled to very perfectly 
regulate the relative proportion of porosity, 
merely by re lating the amount of sticky 
material. admixed with the active particles 
in the first instance. 
’ In order that the invention -may be better 
understood, attention is directed to the ac- 
companying drawings, forming .part of this 
specification, and in which— ; 
Figure 1, is a sectional diagrammatic view 
of a suitable apparatus for fling and tamp- 
ing the active mass within the non-deform- 
able containing pockets, and Fig. 2, a front 
elevation partly in section of one of the com- 


plete electrode elements. In both of. these- 


views corresponding parts. are represented 
by the same numerals of reference. 

‘The pockets ~1 are preferably tubular, 
formed of a perforated strip of steel about 
-004 of an inch in thickness, first carefull 
plated with an alloy of cobalt and wicksl, 
after which the strips are subjected to a weld- 
ing temperature in a hydrogen atmosphere, 
being then formed into tubes. The tubes in 
question are preferably about four inches 
long, and about one-quarter of an inch in in- 
ternal diameter. Surrounding the tube is a 


number ef seamless nickel rings 2; fitting the 


tube snugly, and adding very materially to 
the strength of the tube in resisting bursting 


. Strains. The filling of these tubes is prefer- 


50 


ably performed in a suitable apparatus of 
the general type disclosed in m application, 
filed October 14th, 1905, Seria 
and shown diagrammatically in Fig. 1. ‘One 
or more of the tubes are placed in a suitable 


sectional holder 3—3, the sections of which. 


are tightly clamped together and closely en- 
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page the ‘tubes, so as to resist the enormous 


ursting strains encountered during the fill- 
ing operation. The holder also comprises a 
base 4, for recciving the sections 3 , and pro- 
vided with an extension 
the tubes and defining the extent of the tube 


‘which is to be turned over upon the com- 


pressed material, as will be understood, 


The sections 3 are provided with recesses 6 
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for receiving the stren thening rings © 2, 


During the tamping of the material within 


the tubes, the latter will expand slightly into 


No. 282,692, 


5; extending within | 


880,979 


very close and intimate contact with the 


strengthening rings, preventing any liability 


of shifting of the latter. It vzll be under- 
stood that the sectional holder is provided 
with a series of chambers into which a num- 
ber of the tubes will be snugly received, so 
that a plurality of tubes may be simultane- 
ously filled. Leading to each of the tubes 
is an auxiliary hopper 7, for guiding the 
successive increments of material ‘therein, 
These increments are supplied from a iain 
hopper 8, the bottom of which comprises a 
rotating shaft 9, haying pockets 10—10 
therein, the size of the latter depending upon 
the bulk of each increment. Coéperating 
with each tube, is a tamping plunger 11, 
formed witha weight 12, 


of suitable mass. 
and provided with a rack 13, with which en- 
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gages a toothed cylinder 14. The cylinder ’ 


14 is so coérdinated with the rotary shaft 9 


as to give one or two tamping operations on 
each increment. There is a substantially 
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greatef number of teeth on the rack 13 than _ 


on the cylinder 14. As the cylinder 14 ro- 
tates the teeth on its periphery engage the 
rack 13, so as to lift the plunger 11 to an ex- 
tent depending upon the number of teeth on 
the cylinder, and when the last tooth on the 
cylinder leaves the rack 13, the plunger will 
drop. The rack 13 is of sufficient length to 
permit the teeth of the cylinder 14 to give at 
all times a complete lifting movement to the 
plunger, so that it will be understood that 


whether the plunger is engaging an incre:* .. 
‘ment near the bottom of the tube or an in- 


crement when the tube is wholly filled, the 
first tooth of the cylinder will engage some 
one tooth on the rack, will then lift the rack 
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through a distance corresponding to the num-. 


ber of the teeth on the cylinder, when the 


plunger will drop. As the tube is filled up 
the cylinder 
teeth which are lower and lower upon the 
rack, but the rack will always be lifted up 
until each’of the téeth of the cylinder has en- 
gaged one of the teeth on the tack and there- 
fore the plunger will always drop the same 


distance and therefore impart the same: 


tainping blow. : 

In practice I permit the plungers weighing 
three pounds each to drop a distance of five 
inches; and the diameter of the plungers is 


teeth will engage with. rack’ 
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ebout one-querter of an inch. In this way I: 


deliver a tamping blow of ebout one thou- - 
sand pounds on. éach increment, since the 


plungers are brought almost instantaneously: 
| to rest. At the same time, by imparting a 
very great pressure in ‘only a fraction of a: 


second, the plungers although of small diam- 
eter, have no opportunity of becoming dis- 
torted, or breaking, as would be the case if 
the same pressure were a 
in a hydraulic press. Usually provision is 
made, as disclosed in my said application 
last referred to, for arresting the operation of 


plied gradually, as: 
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the feeding and tamping mechanism when a { containing minute connected bodies. of the 
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Jot nickel which Neve’ been first 
‘_ screened, for instance, through’a thirty-rizesh |. 
10° screén, so ¢s not to sécure ‘to. ae 


the degtee of 


irfe cés of “the 
The :best proportion’ of ‘the av ix= 
or ihtriduetion into, the tubes is 60 per! 
by weight.of crushed nickel ‘hydrexid,! h 
: 20°] ¢ 


ened through ‘a. ‘thittviveshi scree 
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d’cup 
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_ and , théreby“displeces the. sticky. matéri* |, 
“whieh decumulates in the thany'minute’in- |’ 
_-terstices. presented ‘between the. particles:of |, 
89 the active méss. © The viscosity ofthe sticky |. 
. _,,Wdateriel prevents it from being squeézed' out 7: 
"| Lof ‘the .active mass, gnd,from- entering’ the’ 
“pores of “the sctive’ particles.“ ‘As'* thus-fmov 

_ formed,’ the ‘mass, presents: a ‘very ‘coinpect’| dition “of the mass as “a whole: | After ‘the 
G5 composite body under’ great pressure, and | sticky-material"has been réitioved the ‘active 139 
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" mass -constitutes a porous coherent. bod 
about as hard, as soap-stone and cutting with 
about thesame facility. It is,in fact, sohard 
that it may be polished without crumbling. 
Under the microscope, the overlapped con- 
ducting flakes appear as a delicate tracer 
of vein-like conductors, extending in all 
directions throughout the mass, and forming 
a, conducting net-work with which the active 
particles are in close contact. In use, the 
poles of the electrolyte by capillarit 
and also electrolytic changes, effect a swell- 


ing of the active particles, but any deforma-- 


‘tion is permitted internally by reason of the 
presence of the net-work of circulating 
channels, and the pressure on the walls of the 


container’is insufficient to disrupt the same.. 


_ This svelte © not sufficient to close up the 
circulating channels and does not, therefore, 
interfpre with the perfect and rapid circula- 


tion of the-electrolyte, nor with the escape of | 


gas. As a matter of fact, the particles of 
nickel. hydroxid are themselvés quite porous, 
-but not to a sufficient extent, if alone relied. 
upon, to permit the electrolyte to eirculate 


’ with sufficient rapidity throughout the mass; 


but: by providing the. mass with connécted 
_ passages extending throughout the sanie, the 

electrolyte is enabled to readily. and rapidly 
penetrats the mass in all directions; so that 


the porosity of each particle has only to be. 
relied. upon to furnish the necessary supply. 
“..| ing fla¥es-will be causéd.to adhere to the ac. - 


of the solution to its own minute. mass. » 
Having now described niy invention, what 


I claim ‘as new therein and desire to secure by. 


Letters Patent is:as follows: a 
1. The method- of making electrode ele- 
‘ments which consists in introducing a mix- 


ture of particles of active material and flake- 


like-conducting material within non-deform- 
able inclosing peckets, and in applying a 


pressure to such material sufficient to crush - 


or. deform the active particles and cause 
“them to substantially follow the ‘contour of 
the conducting flakes, as and for the purposes 
setforth ~ © - a 
2. The method of making electrode ele- 
ments, which consists in introducing within 


~~ a non-deformable inclosing” pocket in suc- 


cessive small increments, a mixture of parti- 
cles of active material and flake-like conduct- 
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non- deformable inclosing pockets, and in 
applying to the mixture: sufficient pressure 
to force the active particles through the films 
formed by the binder, displacing. the latter 
into the minute interstices forme within the -79 
mass. and spreading the active particles with 
respect to and upon the surfaces presented 
by the conducting flakes, as and for the pur- 
poses set forth..~ “ee 2 

4. The method of making electrode ele- 75 
ments, which includes adding a sticky binder 
to the active particles, so as to substantially 
coat the surfaces of the Jatter,.in then adding 
to the sticky mass flake-like conducting ma- ~ 
‘terial, whereby the conducting flakes will be. go 
‘caused to adhere to the active particles, in in- : 
troducing the mixture so obtained:in-succes- ~ 
‘sive small increments within non-deformable . 
inclosing pockets, and in applying to each in-" 
crement ‘sufficient pressure to force the ac- gs. 
‘tive particles through the films formed by- - 
the binder, displacing the latter into the nu- 
nute interstices formed. within the mass and | 
spreading the active particles with respect to - 


‘and upon the surfaces by the conducting 90 


flakes, as andfor the purposes set forth. |... 
“5. The method of making electrode ele- - 
ments, which consists in adding.a_ sticky 


' binder to the active particles, so as to sub- 


stantially coat the surfaces of theatter, in 95 
then adding to the sticky mass_flake-like 
conducting material, whereby the conduct- 


tive particles, in introducing the mixture so . 


obtained within non-deformable inclosing 100 
' poclets, and in applying to the mixture sufti- 


cient pressure to force the active particles 
‘through the films formed by the binder, dis- — 
placing the latter into the minute interstices 
termed within the mass, and spreading the’ 105 
active particles with respect to-and upon the 
surfaces presented by.the conducting flakes, - 
and in finally removing the binder so as to. 
thereby result in the formation within the 
mass of a net-work of circulating channels, as 110 


'{|-and for the purposes set forth. - 


6. The method of making’ electrode ‘elé- 
ments;. which consists in adding..a. sticky 
‘binder. to, the active particles, so as to. sub-"’ 
stantially coat the suffaces, of the latter, in 115 
then adding to the sticl:y mass, flake-like con-" - 


ing material, and in applying to each incre- | ducting ‘thaterial, whereby,.the conducting . 
ment after its introduction sufficient pressure | fla’ es will be caused to adhere to the active 
-  .to deform or crush the active alr acre | particles, in: introducing the mixture so. ob- . 
55 cause them to substantially. follow the ton- | tained in successive small increments within 120- 
tour of the conducting flakes, as and for the | non-deformable inclosing’ pockets and in ap- «. -- 
purposes set forth. - ae :. |. “. | plying’ to each. increment. sufficient pressure 
3. The method of making electrode ele- | to force the active particles through the films 
ments, which includes adding a sticky binder | formed by. the binder, .disy sae. the ‘latter’ «;,. 
to the active particles, so as to substantially | into the minute interstices formed within the 126. 
coat the surfaces of the latter, in then adding | mass and spreading the active particles with ~~ 
to. the sticky mass flake-like senduenne respect to-and upon the surfaces by the con- - 
material, whereby the conducting flakes. will | ducting flakes; and in finally removing the. | 
be caused to adhere to the active particles in” 
65 introducing the mixture so obtained within 
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binder so as to thereby result: in the forma- __ 
tion within the mass of a net-work of circu- 130 


- to be present in the active mass of a storage 
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lating channels, as and for the purposes set | 8. The me. od of making stoigs battery 
forth. : electrodes, which consists in introducing in 
7. The method of determining the porosity , successive and very small increments, active 
| material within a “non-deformable inclosing 
battery electrode, which consists in adding to'| pocket, and in subjecting each increment to 
the active particles a predetermined amount | one or more tamping blows delivered by a 
of a soluble viscous material, then in adding | weight falling always from the same height 
a flaxe-like conducting material thereto, then | above each increment, as and for the pur- 
in introducing the mixture within a stutable | poses set forth. 
inelosing pocket, then in applying pressure to | _ This specification signed and witnessed this 
the mass, and finally, in removing the yis- | 31st day of October 1905. 
y 


cous material, whereby the spaces previously 

occupied by the same will Rane as a net-work 25, THOMAS A. EDISON. 
of circulating channels extending in all direc- | | Witnesses: 

tions throughout the mAs as and for the Frank L. Dysr, 


purposes set forth, Anna R. Kieu. 
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